NEAFS Probabilistic DNA Mixture 9/25/2015
Interpretation Workshop

Likelihood Ratios for
Mixtures: Binary Approach
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7 8 9 10

Likelihood Ratio

Is the POl a
contributor to this
DNA mixture?

person of
interest (POI)

A

{8,9}

7 8 9 10

contributor?

Likelihood Ratio

S

The POl is a contributor.

(N

The POl is not a contributor.

1) What is the probability of
obtaining these DNA typing
results if the POl is a

2) What is the probability of
obtaining these DNA typing
results if the POl is not a
contributor?

person of
interest (POI)

=\

{8,9}
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Likelihood Ratio
person of
interest (POI)
contributors: POl and someone else
Y
1 X 2p7p10 “
8,9
7 8 9 10 8,3}
1) What is the probability of
obtaining these DNA typing
results if the POl is a
contributor?
Likelihood Ratio
Contributor 1 | Contributor 2
7,8 9,10 2p7pe % ZPgP1o
7,9 8,10 2p7pe % 2PgPio
7,10 8,9 2p7P10 X 2PgPo
8,9 7,10 2psPe T P7P10
7 89 10 8,10 7,9 2pgP1o X 2P7D9
9,10 7,8 2pop10 X Zp7Dbs
= 24 2) What is the probability of
P7PgPoP10 obtaining these DNA typing results
if the POl is not a contributor?
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Likelihood Ratio
person of
interest (POI)
A
2p7p10 “
24p
7P8PoP10
7 8 9 10 {8,9}
It is 8.3333 times more probable
to obtain these DNA typing results = 8.3333
if the POl is a contributor than if if pg = 0.1 and pg = 0.1
the POl is not a contributor.
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Standpoints of the prosecution
and the defense

B )
IV Y T “
S person of
g interest
EPG of the crime stain (POI)

Hp: The DNA came from the POl and an unknown
contributor.

H;: The DNA came from two unknown contributors.

G G
I ¥ POl

Person of interest (POI)
D8 13,16 A

D21 28,28 “
D7 8,12

CSF1PO 12,12

= D3 16,16
THO1 7,93

D13 12,13

D16 12,13

= D2 23,25

D19 13,13

WA 1519

TPOX 11,11

N D18 14,20

Il Ay . D5 11,13
& - FGA 20,28

Boston University Mixture (http://www.bu.edu/dnamixtures/): ID_2_SCD_NGO.5_R4,1_A1_V1
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Likelihood Ratio (LR)

The probability of observing the DNA typing results of the crime stain
given the POI’s genotype and that the DNA came from the POl and one
unknown contributor

Pr(G G H <« humerator
LR = # divided by

Pr(GCS | GPOI' Hd) “denominator

the probability of observing the DNA typing results of the criem stain
given the POI’s genotype and that the DNA came from two unknown
contributors.

Note that the conditioning information I has been omitted in the above equation to focus your attention on G¢s and Gpg;.

X . Person of interest (POI)
EPG of the crime stain:
D21 28,28
do "N )

ElE] EJE] CSFIPO 12,12

] 8 D551
Fopms i A E B B A 'i. ® 280 220 D3 16,16
& THO1 7,93
L] D13 12,13
k] El D16 12,13

i i
e I I B ) D2 23,25
L - 53 253] 1274 65 D19 13113
WA 15,19
| li | 4 y

3] HER TPOX 11,11
T it D18 14,20

[ — EE
= D5 11,13
1] l 1 FGA 20,28

I "
EE B

Boston University Mixture (http://www.bu.edu/dnamixtures/): ID_ 2 SCD_NGO0.5_R4,1_Al V1
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Likelihood Ratio (LR)

[D13551

D18551 P

P14 = 0.134

P16 = 0.147 “

— 4 i
518 _ ggzg Gpor = {14,20}
20 = Y.

Numerator:

What is the probability of obtaining these DNA typing results for the
crime stain if the POl is a contributor and the POI has genotype

{14,20}?
Pr(16,18) x Pr(14,20)
16,18 14,20 = 2p16p18 x 1

= 2P16P1s

Likelihood Ratio (LR)

D18S51 | -
P1a = 0.134

P16 = 0.147 l l “

p1g = 0.078 . . G — {1420
P20 = 0.018 POI { ) }

Denominator:

What is the probability of obtaining these DNA typing results for the
crime stain if the POl is not a contributor?

m Pr(16,18) x Pr(14,20)
16,18 14,20 = 2P16P18 X 2P14P20

= 4p14P16P18D20

Cedar Crest College
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Likelihood Ratio (LR)
D18s51 | = -
=0.134
512 —0.147 l | “
=0.078 . -
Z;z =0.018 Gpo; = {14,20}
LR = 2p16P18
4p14D16P18D20
__ 1
B 2p14D20
= 207.30
Likelihood Ratio (LR)
D18S51 | = -
= 0.134
51: = 0.147 l | “
P1s = 0.078 . 6o 1420
pii =0.018 por =1 }

The DNA typing results are 207 times more
probable if the DNA came from the person of
interest and an unknown contributor than if
the DNA came from two unknown
contributors.
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Unrestricted LR - Peak Heights
are ignored

Likelihood Ratio (LR)

018551
D18S51 PN
P1a = 0.134
P16 = 0.147 “
— 'y i
ot Gpor = {14,20)
20 = Y.
Numerator:

What is the probability of obtaining these DNA typing results for the
crime stain if the POl is a contributor and the POI has genotype
{14,20}?

Pr(16,18) x Pr(14,20)

= 2p16P18 X 1
= 2P16P18
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Likelihood Ratio (LR) ,

D18S51
Pia = 0.134
D1 = 0.147
P1g = 0.078
Pao = 0.018

Denominator:

Think of it like this!

e

ST | e

280 20 4

7

'

Gpo[ = {14,20}

16 13 20
288] |274] [es

Ef—

What is the probability of obtaining these DNA typing results for the
crime stain if the POl is not a contributor?

Likelihood Ratio

Contributor 1 | Contributor 2
14,16 18,20 2p1aP16 < 2D18P20
14,18 16,20 2P14P18_><_‘2P16p20
14,20 16,18 2p14P20 ) “P16D18
18,20 1416 | 2pigpal ¥ 2PraPao
1416 18 20 16,20 14,18 2P16P20 % 2P14P18
16,18 14,20 2p16P18 * 2P14D20
= 24P14D16P18P20 2) What is the probability of

obtaining these DNA typing results
if the POl is not a contributor?
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2p16D13 1 1
24p14P16P18D20 12p14020 0.0289
= 34.55
Restricted LR Unrestricted LR
2
LR = P16P1s8 1
4p14P16P18P20 e
12p14p20
_ 1
2p1aP20
= 207.30 = 34.55
.
EPG of the crime stain:
L D8 1316 /A
P— m 20 D21 28,28
= AL L D7 8,12 “
aﬂ CSFIPO | 12,12
T N e . l D3 16,16
- : —F TS THO1 7,93
= 1 ) H 494 D13 12,13
EIEIE ELl D16 1213
o W@ @ A @ @ o D2 23,25
- R D19 13,13
l L VWA 15,19
3 EIEE TPOX 11,11
= D18 14,20
- = = D5 11,13
- || | X l FGA 20,28

Boston University Mixture (http://www.bu.edu/dnamixtures/): ID_ 2 SCD_NGO0.5_R4,1_Al V1
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Likelihood Ratio (LR)

* A
CSF1PO “
P10 = 0.220 i
P = 8'223 B[ Gpor = 1{12,12}
Prz =5 i allele at 12 is above the
Numerator: stochastic threshold

What is the probability of obtaining these DNA typing results for the

crime stain if the POl is a contributor and the POl has genotype
{12,12)?

10,11 | 12,12
10,11 | 10,12 = 2p1op11 X 1
10,11 | 11,12 = 2p10P11

Pr(10,11) x Pr(12,12)

Likelihood Ratio (LR)

E— PN
CSF1PO “
P10 = 0.220 )
P11 = 8:23 B Gpor =1{12,12}
iz =% i allele at 12 is above the
Denominator: stochastic threshold

What is the probability of obtaining these DNA typing results for the
crime stain if the POl is not a contributor?

10,11 12,12
10,11 10,12
10,11 11,12

Cedar Crest College
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CSF1PO
Pro = 0.220
P11 = 0.309
P1p = 0.360

Likelihood Ratio (LR)

- p=\

1 A4

) Gpor = {12,12}
kl allele at 12 is above the

Denominator:

10,11 12,12
10,11 10,12
10,11 11,12

stochastic threshold

Pr(10,11) x Pr(12,12) + Pr(10,11) x Pr(10,12) + Pr(10,11) x Pr(11,12)

= 2p10P11 X Piz + 2P10P11 X 2P10P12
+2p10P11 X 2P11P12
= 2p10P11P12(P12 + 2P10 t+ 2P11)

Likelihood Ratio (LR)

E— -
CSF1PO
T 360 . Gpor ={12,12}
o s allele at 12 is above the
stochastic threshold
LR 2p10P11

 2p10P11P12 (P12 + 2D10 + 2P11)

1

" p12(P12 + 2p10 + 2P11)

=1.96

Cedar Crest College
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Likelihood Ratio (LR)

CSF1PO
Pro = 0.220
P11 = 0.309
P1p = 0.360

320

PN

GPOI = {12,12}

allele at 12 is above the

stochastic threshold

The DNA typing results are about 2 times
more probable if the DNA came from the
person of interest and an unknown
contributor than if the DNA came from two

unknown contributors.

. . Person of interest (POI)
EPG of the crime stain:
D8 13,16 A
D21 28,28
N
CSFIPO 12,12
T gt PN
*‘ L= e D3 16,16
l THO1 7,9.3
| i . - D13 12,13
A 28 Z0 32.2 Bl El
B S Hﬂ D16 12,13
ST A - 2325
i F ! ] =
D19 13,13
i N VWA 15,19
|
EI;E El TPOX 11,11
o W IO D18 14,20
o
= - = = . D5 11,13
|1 ‘Ji l FGA 20,28

Boston University Mixture (http://www.bu.edu/dnamixtures/): ID_ 2 SCD_NGO0.5 R4,1_Al Vi
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200 240

|
Allele 28 is below the
stochastic threshold

determined based on own
internal validation)

Peak real, but not
used for CPI

Peak not
considered
reliable

Different Thresholds Used with CE Data

Example values (empirically Peak real, can be used for CPI —
Confidence of being Homozygous

Stochastic Threshold (ST)

(Match Interpretation/
Dropout/Reporting)

Analytical Threshold (AT)

(Reporting/Noise
Limit-of-Detection)

Noise

Cedar Crest College
Forensic Science Training Institute
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Likelihood Ratio (LR)

D21S11

DP2g = 0159
P30 = 0283
P322=0.090

Numerator:

]

200 240

28 30 522
142] 280 202

Allele 28 is below the
stochastic threshold

PN

Gpo] = {28,28}

What is the probability of obtaining these DNA typing results for the
crime stain if the POl is a contributor and the POI has genotype

{28,28)?

30,32.2

Pr(30,32.2) X Pr(28,F)

= 2p30P322 X 1

= 2P30P32.2

Likelihood Ratio (LR)

D21511

p28 = 0159
pgo = 0.283
P32.2= 0.090

Denominator:

[

200 240

142] 288 203

Allele 28 is below the
stochastic threshold

“2p” or p? + 2p(1-p)

PN

Gpor = {28,28}

What is the probability of obtaining these DNA typing results for the

crime stain if the POl is not a contributor?

30,32.2

Pr(30,32.2) X Pr(28,F)

= 2P30P32.2 X [2P28(1 — P2g) + P3g]

= 2p30P32.2(2D28 — P%S)

Cedar Crest College
Forensic Science Training Institute

9/25/2015
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“2p” or p? + 2p(1-p)

Derivation of the 2p Rule

* Two ways to think of it...  (easy)

2pq 2pQq 2p

“2p” or p? + 2p(1-p)

Derivation of the 2p Rule

 Two ways to think of it...  (mathematical)

5allelesystem-P QRS T

“P" is below ST ANY genotype with a “P” allele cannot be excluded

A PP PQ PR PS PT

Cedar Crest College

Forensic Science Training Institute

9/25/2015
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“2p” or p* + 2p(1-p)

5allelesystem-P QRST

“P” is below ST ANY genotype with a “P” allele cannot be excluded

A PP PQ PR PS PT

Prob = p2 + 2pq + 2pr + 2ps + 2pt
Prob =p2+2p(q+r+s+t)

Prob = p? + 2p(1-p)

Prob = p? + 2p - 2p?

Prob = 2p - p?

Likelihood Ratio (LR)

e
D21S11 )
p28 == 0159
Pao = 0.283 | “
Paz2= 0.090 Gpo; = (28,28}
Allele 28 is below the
stochastic threshold
2
LR = P30P32.2 _
2p30P32.2 (2028 — P3g)
_ 1
(2p28 — P35)

= 3.42

Cedar Crest College
Forensic Science Training Institute 18
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What doesa LR ~ 3 mean?

A. The person of interest committed the
crime.

B. A total of 3 peaks were observed at this
locus.

C. Itis about 3 times more probable that the
DNA came from the person of interest and
an unknown contributor than that the DNA
came from two unknown contributors.

D. There are 3 contributors to this DNA
mixture.

E. The DNA typing results are about 3 times
more probable if the DNA came from the

person of interest and an unknown W ————N

contributor than if the DNA came from
two unknown contributors.

Response

Counter

me st
EPG of the crime stain:
D8 13,16 A

» ] L] D21 28,28
0 o ()
Bl CSFIPO 12,12
H D3 16,16
| [ — THO1 7,93
l | 240 D13 12,13
N B Y '
D16 12,13
D2 23,25
s YE @ 8 & o
_ L —— D19 13’13
VWA 15,19
l _Etl"**f — TPOX 11,11
5 11 D18 14,20
il 163 D5 11,13
FGA 20,28

AH i) B

Boston University Mixture (http://www.bu.edu/dnamixtures/): ID_2_SCD_NG0.5_R4,1_A1_V1

Cedar Crest College
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Likelihood Ratio (LR)

[ —
TPOX =\
P11 = 0.252 ST J i “
L Gpor ={11,11}
The peak at 11 is above
Numerator: the stochastic threshold.

What is the probability of obtaining these DNA typing results for the
crime stain if the POl is a contributor and the POI has genotype

{11,112

Pr(8,8) x Pr(11,11)
8,38 11,11 _
8,8 8,11

Likelihood Ratio (LR)

[ S—
TPOX =
p11 = 0.252 ST E| ﬁ “
= Gpor ={11,11}
The peak at 11 is above
Denominator: the stochastic threshold.

What is the probability of obtaining these DNA typing results for the
crime stain if the POl is not a contributor?

Pr(8,8) x Pr(11,11) + Pr(8,8) x Pr(8,11)

8,8 11,11 = .
8,8 8,11

Cedar Crest College
Forensic Science Training Institute 20
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What is the
likelihood ratio?

P} _ 1
A —— =
Pg(p11+2P8p11) P11(P11+2ps)
1
B ——
p11t+2ps
C 1
1
D.
2pgPb11
1
L —
P11
F. infinity
G. ???

Response o
Counter e

TPOX

ST

i
The peak at 11 is above
the stochastic threshold.

Likelihood Ratio (LR)

PN

Gpor ={11,11}

[TPOX |
TPOX : i
3
= 3.05

Cedar Crest College

Forensic Science Training Institute

9/25/2015
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Likelihood Ratio (LR)

[TPOX |

TPOX ; i : )
p1; = 0.252 ST i “
g Gpor = {11,11}

The DNA typing results are about 3 times
more probable if the DNA came from the
person of interest and an unknown
contributor than if the DNA came from two
unknown contributors.

Likelihood Ratio (LR) for all loci

Hp: The DNA came from the POl and an unknown contributor.

H;: The DNA came from two unknown contributors.

If Hp, is true, is the POI the major contributor or the minor contributor?

If Hp, is true, the POI could be either the major contributor or
the minor contributor. Let us consider these possibilities to be

equally probable. So if H,, is true, there is a probability of%

that the POl is the major contributor and a probability of§
that the POl is the minor contributor.

Cedar Crest College
Forensic Science Training Institute 22
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We can only observe these DNA typing B
results if the POl is the minor contributor. .
D18S51:
16,18 14,20 Gpor = {14,20}
10,11 | 12,12 Gpo; = {12,12}
10,11 10,12
10,11 11,12
D21S11:
30,32.2 28,F Gpo; = {28,28}
8,8 11,11 Gpo; = {11,11}
8,8 8,11

Numerator:

Likelihood Ratio (LR) for all loci

Hp: The DNA came from the POl and an unknown contributor.

H;: The DNA came from two unknown contributors.

Because these DNA typing results are only possible when the
POl is the minor contributor, and the POl is the minor

. . - 1 .
contributor with a probability of > we multiply the numerator

of the likelihood ratio for the entire profile by %

Cedar Crest College
Forensic Science Training Institute

9/25/2015
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EEENTTUSTTE | Likelihood Ratio (LR)

D8S1179 3.66

D21S511 3.42
D75820 3.74
CSF1PO 1.96
D351358 2.39
THO1 1.75

D13S317 4.58
D16S539 1.89
D2S1338 5.03
D195433 1.29

— All Loci: LR =2.5 x 107

VWA 1
TPOX 3.05
D18S51 207.30
D55818 3.77
FGA 1

True or false?

A likelihood ratio of 2.5 X 107 means thatitis 2.5 X
107 times more probable that the DNA came from the
person of interest and an unknown contributor than
that the DNA came from two unknown contributors.

A. True
B. False

Response L= =
Counter - .

Cedar Crest College
Forensic Science Training Institute 24
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Likelihood Ratio (LR)

LR =2.5 x 107 = 25 million

The DNA typing results are about 25
million times more probable if the DNA
came from the person of interest and an
unknown contributor than if the DNA
came from two unknown contributors.

Factor of 2

Cedar Crest College
Forensic Science Training Institute 25
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Suppose...

What is the probability you will randomly pick a red marble?

Pr(picking left) x Pr(left is red) + Pr(picking right) x Pr(right is red)

05x1 +0.5x1
=1

Suppose...

What is the probability you will randomly pick a red marble?

Pr(picking left) x Pr(left is red) + Pr(picking right) x Pr(right is red)

05x1 +0.5x0
=0.5

Cedar Crest College
Forensic Science Training Institute 26
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Now Suppose...
=\
person of

interest (POI) “

Hp: POl and someone else

Hd: DNA came from 2 unknowns

{A, B} ABCD

person of
interest (POI) “
{A, B}
ABCD
Contributor 1 Contributor 2 probability of peaks in probability of peaks in crime
crime stain EPG if H,, is true stain EPG if Hy is true
1 AB cD 1 X 2pcpp 2paPg X 2pcPp
2 AC BD 0 2paPe X 2PgPp
3 AD BC 0 2palp X 2DgDe
4 BC AD 0 2pspec X 2papp
5 BD AC 0 2PgPp X 2PaPe
6 cD AB 2pepp x 1 2pcPp X 2P4Ps
Only 2 genotype combinations are possible for Hp

Cedar Crest College
Forensic Science Training Institute

9/25/2015
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Contributor 1 Contributor 2 probability of peaks in probability of peaks in crime
crime stain EPG if H,, is true stain EPG if Hy is true
1 AB cD 1 X 2pcpp 2paps X 2pcPp
2 AC BD 0 2paPr X 2p5Pp
3 AD BC 0 2palp X 2DgDe
4 BC AD 0 2pspPc X 2papp
5 BD AC 0 2PgPp X 2PaPe
6 cD AB 2pepp x 1 2PpcPp X 2P4Pr

Hp

= zpcpd

Rowl- 05 x 1 x 2p.p,
Row6- 0.5 x 2p.p, x 1

=05 x 1 x2p.p; + 05 x 2p.p;, x 1

For the H, (recall this?)

| Contributor 1 | Contributor 2
| | ‘\ 7,8 9,10 2p7ps 9P10
7,9 8,10 2p7pe D10
7,10 8,9 2p7p1 PsPo
8,9 7,10 2pgpe 7D10
7 8 9 10 8,10 7,9 2pgp DP9
9,10 7,8 2pop10 X Zp7Dbs
= 24D, DgPoP10 2) What is the probability of

obtaining these DNA typing results
if the POl is not a contributor?

Cedar Crest College

Forensic Science Training Institute

9/25/2015
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Likelihood Ratio

2p.pPy 1

24P, P, PPy 12p,p,

This is like the box with 2 red marbles: 0.5 + 0.5 = 1 in the numerator

Anytime you have a “mirror image” for the numerator, there is no
factor of 0.5 (or factor of 2 in the denominator)

Now Suppose...

A
person of
interest (POI) “

{A, B} ABCD

Hp: POl and someone else

Hd: DNA came from 2 unknowns

Cedar Crest College

Forensic Science Training Institute

9/25/2015
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person of

interest (POI)

Hd: DNA came from 2 unknowns

PN

A4
(A, B}

Hp: POl and someone else

ABCD

Contributor 1

Contributor 2

probability of peaks in

probability of peaks in crime

(MAJOR) (MINOR) crime stain EPG if H,, is true stain EPG if Hy is true
1 AB cb 1 X 2pcpp 2paPs X 2pcPp
2 AC BD 0 0
3 AD BC 0 0
4 BC AD 0 0
5 BD AC 0 0
6 CcD AB 0 0

Contributor 1

Contributor 2

probability of peaks in

probability of peaks in crime

(MAJOR) (MINOR) crime stain EPG if H,, is true stain EPG if Hy is true
1 AB cb 1X2pcpp 2p P X 2PcPp
2 AC BD 0 0
3 AD BC 0 0
4 BC AD 0 0
5 BD AC 0 0
6 CD AB 0 0

Hp=0.5x 1 x 2p.p, =0.5x2p_.p,

Hd =2p,p, x 2p.p,

Cedar Crest College

Forensic Science Training Institute

9/25/2015
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Likelihood Ratio

0.5x2p,p, 0.5 1

4papbpcpd Zpapb 4papb

This is like the box with 1 red, 1 blue marble: 0.5 (left)+ 0.5 (right)

Therefore, a factor of 0.5 appears in the numerator
(or factor of 2 in the denominator)

So - why do we even need
probabilistic genotyping?
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Suspect Suspect Suspect
Evidence Evidence Evidence
1 0 ?
LR =—— LR =—— LR =——
2pq 2pq 2pq
The Binary LR approach “2p”
The “2p” Rule
e —
5 .\;é — Equation 1
o a - =+ Equation 3
Y+ O R St 2p rnule
e Stain = AA
%ol § Suspect = AA
[T I g R RS N P S B SN S P S S RS AR S ey & AN F I8 B S0 AN T
< &
" 0 Ov‘2 OT4 OTG 0.‘8
Probability Dropout, Pr(D)
LR =100
f(a)=0.10 1/p?=100 1/2p=5
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The “2p” Rule

)
« Stain = AA
< 4 p |
8
o
G oy Suspect = AB
3
©
a4 3
-1 a — Equation 2
-~ Equaton4 | % ST
LR = 0, Exclusion sree 2prule
s pl2-p) rule
o | T T T T
0 0.2 04 0.6 0.8 1

Probability Dropout, Pr(D)

Exclusion

f(a)=0.10 1/2p=5

Whatever way uncertainty is approached,
probability is the only sound way to think
about it.

-Dennis Lindley
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